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WHAT IS CLAIMED IS: 

A . A method of forming a nitride barrier layer, comprising the steps of: 
\ exposing a dielectric layer to a silicon-containing species under low partial pressure to 
deposit a layer of silicon thereon; and 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 

2. The method of Claim 1, wherein the dielectric layer is exposed to the silicon-containing 
species at a partial pressure of about 10"" Torr or less. 

/ 

3. The method of Claim 1. wherein, the dielectric layer is exposed to the silicon-containing 

/' 

species at pressure of about 10'" to about 10""^ Torr. 

/ 

4. The method of Claim 2, wherein the dielectric layer is exposed to the silicon-containing 
species at a temperature of about 500°C to about 700°C. 



5. A method of forming amitride barrier layer, comprising the steps of: 

irradiating a dielectric layer with a silicon-containing species under low partial pressure to 

nucleate the dielectric layer/with a layer of silicon; and 

exposing the silicori layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. ^ 



6. The method of/Claim 5, wherein the silicon layer has a thickness of about 10 to about 
30 angstroms. 



7. A method of forming a nitride barrier layer, comprising the steps of: 

exposing a' dielectric layer to a silicon-containing species under low partial pressure to 
deposit a layer of about 10 to about 30 angstroms silicon thereon; and 
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nitridizing the silicon layer in a nitrogen-contaimng species to form a silicon nitride barrier 



layer. 



8. A method of forming a nitride barrier layer, .comprising the steps of: 

exposing a surface of a dielectric layer to a/silicon-containing species at a low partial 

pressure to nucleate the surface of the dielectric layer with a layer of silicon; and 

I 

exposing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

laver. 



9. A method of forming a nitride barrier- layer, comprising the steps of: 

/ 

exposing a dielectric layer to a silico'n-containing species at a partial pressure ol about 
10"" Torr or less to deposit a layer of about/lO to about 30 angstroms silicon thereon: and 

nitridizing the silicon layer to form a silicon nitride barrier layer. 

// 



10. The method of Claim 9, wherein the dielectric layer is exposed to the silicon-containing 
species at a temperature ol about 500^,C to about 700°C. 



1 1 . The method of Claim 9, wherein the silicon-containing species is selected from the group 
consisting of dichlorosilane, silicon tetrachloride, silane, and disilane. 



12. The method of Claim 9, wherein the step of exposing the dielectric layer to the 



silicon-containing species is by plasma enhanced chemical vapor deposition, low pressure chemical 
vapor deposition, or rapid therrqal chemical vapor deposition. 



13. The method of Claim 9, wherein the silicon-containing species is deposited by rapid thermal 
chemical vapor deposition at/about 500°C. to about 700°C. 



14. The method of Claim 9, wherein the dielectric layer comprises silicon dioxide. 
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15. The method ol Claim 9, wherein the dielectric layer comprises a dielectric material selected 
from the group consisting of tjrntalum pentoxide, hafnium dioxide, and aluminum trioxide. 




1 6. N^^ethod of forming a nitride barrier layer, comprising the steps of: 

exp^snig a dielectric layer to a silicon-containing species at a partial pressure of about 10-" to 
about 10"^ to nucleate the dielectric layer with a layer of silicon; and 

exposing tnbssilicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



1 7. A method of forming a nitKkle barrier layer, comprising the steps of: 

exposing a dielectric layer to a^licon-containing species at a partial pressure of about 1 0 " to 

about 10"^, a temperature of about 500°C. ro^ibout and a duration of about 1 second to about 

5 minutes, to nucleate the dielectric layer with avkiyer of silicon: and . 

exposing the silicon layer to a nitrogen-contaiqing species to form a silicon nitride barrier 

layer. 




1 8, A method of forming a nitride barrie/layer, comprising the steps of: 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a silicon- 
containing species under low partial pressure: and 

thermally annealing the silicoiyiayer in a nitrogen-containing species. 



19. A method of forming a nitrfde barrier layer, comprising the steps of: 

depositing a silicon laye^nto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species und^ low partial pressure; and 

exposing the silicon Igfyer to a nitrogen-containing species at a temperature of about 700°C. 
to about 900°C. to nitridize/he silicon layer. 
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20. A method of forming a nitride barrier layer, comprising the steps of 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure and 

exposing the silicon layer to a nitrogen-conraining species at a temperature of about 700°C. 
to about 900°C.. a pressure of about 1 to about 760 Torr. and a flow rate of about 100 to about 
10.000 seem, for about 1 second to about 1 80 minutes to nitridize the silicon layer. 

/ 

21 . 1 he method ol Claim 20, wherein the nitrogen-containing species is selected from the group 

f 

consisting of nitrogen, ammonia, nitrogen tri^uoride, nitrogen oxide, and a nitrogen-helium mixture. 

/ 

22. The method of Claim 21 . wherein the silicon layer is exposed to a plasma source of nitroizen. 

/ 

23. A method of forming a nitride banrier layer, comprising the steps of : 

depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize the 
silicon layer. 

24. The method of Claim 23, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an inductive 
coupled plasma system, or a radio/irrequency system. 



25. A method of forming a nitride barrier layer, comprising the steps of: 

depositing a silicon layel onto a dielectric layer by exposing the dielectric layer to a 

silicon-containing species under low partial pressure; and 

exposing the silicon la/er to a remote microwave plasma source of a nitrogen-containing 

species at a pressure of aboutll to about 20 Torr to nitridize the silicon layer. 
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26. A method of forming a nitride barrier layer, oomprising the steps of: 

depositing a siHcon layer onto a dielectrie layer by exposing the dielectric layer to a 

silicon-containing species under low partial press^e; and 

exposing the silicon layer to a remote miGrovvave plasma source of a nitrogen-containing 

species at a pressure of about 1 to about 20 Tor/ and a temperature of about 700°C, to about 900°C, 

to nitridize the silicon layer. 



27. A method of forming a nitride barrier' layer, comprising the steps of: 



depositing a silicon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure; and 

exposing the silicon layer to an iii^/uctive coupled plasma source of a nitrogen-containing 
species at a pressure of about 1 to about/20 Torr to nitridize the silicon layer. 



28. A method of forming a semiconductor device, comprising the steps of: 

irradiating a dielectric layer disposed on a silicon substrate with a silicon-containing species 
under low partial pressure to nucleate the dielectric layer with a layer of silicon; and 
nitridizing the silicon layer/ 

29. The method of Claim 28iwherein the step of irradiating the dielectric layer with the silicon- 
containing species is at a partial/pressure about 10"" Torr or less. 



30. The method of Claim 19, wherein the step of irradiating the dielectric layer is at a partial 
pressure of about 10'" to about 10"^ Torr. 



3 1 . The method of Claim 29, wherein the silicon-containing species is selected from the group 
consisting of dichlorosilanfe, silicon tetrachloride, silane, and disilane. 
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32. The method of Claim 28, wherein the step of irradiating the dieleetric layer with the 
sihcon-containing species is by plasma enhancau chemical vapor deposition, low pressure chemical 
vapor deposition, or rapid thermal chemical vapor deposition. 



33. The method ofClaim 28. wherein t^e step of irradiating the dielectric layer with the silicon- 
containing species is by rapid thermal chepiical vapor deposition at a temperature of about 500°C to 
about 700^C. 

34. The method of Claim 28. wherein the dielectric layer comprises silicon dioxide. 

. , / 

35. 1 he method ot Claim 28, wherein the dielectric layer comprises a dielectric material selected 



from the group consisting of tantalum pentoxide, hafnium dioxide, and aluminum trioxide. 

36. A method of forming a semiconductor device, comprising the steps of: 

exposing a dielectric laye^disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of about 10"" Tokt or less to nucleate the dielectric layer with a layer of silicon; and 



nitridizing the silicon layer in a nitrogen-containing species. 

37. A method of forming a^emiconductor device, comprising the steps of: 

// . 

exposing an oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of about 10'~/rorr or less to nucleate the dielectric layer with a layer of silicon; and 
thermally annealing me silicon layer in a nitrogen-containing gas. 



38. A method of forming a semiconductor device, comprising the steps of: 

I 

exposing an oxide Jayer disposed on a silicon substrate to a silicon-containing species at a 

partial pressure of about lfO"~ Torr or less to nucleate the dielectric layer with a layer of silicon; and 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 700°C. 
I 

to about 900°C. to nitridize the silicon layer. 
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39. A method of forming a semiconductor devite, comprising the steps of: 

depositing a siHcon layer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low partial pressure to nucleate the dielectric layer with a layer of 
silicon; and 

exposing the silicon layer to a plt^ma source of a nitrogen-containing species to nitridize the 
siHcon layer. 



40. The method of Claim 39, wherein the plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an inductive 
coupled plasma system, or a radio frequency system. 



41 . A method of formini/ a semiconductor device, comprisinu the steps of: 

r 

depositing a silico^Mayer onto a dielectric layer by exposing the dielectric layer to a 
silicon-containing species under low a partial pressure of about 10'" Torr or less to nucleate the 
/er with a jayer of silicon; and 
exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 



dielectric lay 
expo: 

species at a pressure/of about 1 to about 20 Torr to nitridize the silicon layer 



42. A method^of forming a gate electrode, comprising the steps of: 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressune of about 1 0"" Torr or less to nucleate the dielectric layer with a layer silicon; and 

expo/ing the silicon layer to a nitrogen-containing species to form a silicon nitride barrier 

layer. 



43 



A ifi5thQ4of forming a gate electrode, comprising the steps of: 
exposing a gate oxTdeJ^j^ disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of about 10'" to aboutTO^^^ojuicle^ the dielectric layer with a layer of silicon; and 
exposing the silicon layer to a nitrogen-containing-Sfiecies to form a silicon nitride barrier 

layer. 
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44. ^^jiiethod ol forming a gate electrode, comprising the steps of: 

ex|X)shTg^-^^^ oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of abouTT^t'^o.^ a temperature of about SOO'^C. to about 700°C., and a 

duration of about 1 second to about 5 minutes, to nucleate the dielectric layer with a layer of silicon 
and 

exposing the silicon layer to a nitrogen-containing sp^ies^o form a silicon nitride barrier 

layer. 



45. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide^ayer disposed on a silicon substrate by exposing 
the gate oxide layer to a silicon-containing species at a partial pressure of about 10"" Torr or less; and 

thermally annealing the silicon layer in aniitrogen-containing species. 



46. A method of forming a gate electrode/ comprising the steps of: 

/ . 

depositinu a silicon layer onto a gate^oxide layer disposed on a silicon substrate by exposing 

. . / . 

the gate oxide layer to a silicon-containing^species at a partial pressure ot about 10 " 1 orr or less; and 

exposinu the silicon layer to a nitroeen-containing species at a temperature of about 700°C. 

/ 

to about 900°C. to nitridize the silicon layer to a silicon nitride layer. 

/ 

47. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer o^to a gate oxide layer disposed on a silicon substrate by exposing 

the dielectric layer to a silicon-containing species under low partial pressure; and 

i 

exposing the silicon layer to a nitrogen-containing species at a temperature of about 700°C. 

i 

to about 900°C., a pressure of about 1 to about 760 Torr, a flow rate of about 100 to about 
10,000 seem, for about 1 second to about 180 minutes to nitridize the silicon layer. 
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48. The method of Claim 47, wherein the nilrocen-containing species is selected from the group 
consisting of niU'Ogen. ammonia, nitrogen trilluo^^de. nitrogen oxide, and a mixture of nitrogen and 
helium. 



49. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by exposing 

/ . . * 1 

the dielectric layer to a silicon-containing species at a partial pressure of about 10'" Torr or less; and 

exposing the silicon layer to a plasma source of a nitrogen-containing species to nitridize the 



silicon layer. 



50. The method of Claim 49. whereiiythe plasma source of the nitrogen-containing species is 
produced by a downstream microwave system, an electron cyclotron residence system, an inductive 
coupled plasma system, or a radio frequency system. 



51. A method of forming a gate electrode, comprising the steps of: 

depositing a silicon layer ont^ a gate oxide layer disposed on a silicon substrate by exposing 
the dielectric layer to a silicon-containing species at a partial pressure of about 10'" Torr or less; and 

exposing the silicon layer to a remote microwave plasma source of a nitrogen-containing 
species at a temperature of about /700°C. to about 900°C., and a pressure of about 1 to about 20 Torr 
to nitridize the silicon layer. 



52. A method of forming a/gate electrode, comprising the steps of: 

depositing a silicon layer onto a gate oxide layer disposed on a silicon substrate by exposing 
the dielectric layer to a silicon-containing species at a partial pressure of about 10'^ Torr or less; and 

exposing the silicon layer to an inductive coupled plasma source of a nitrogen-containing 
species at a pressure of aboiit 1 to about 20 Torr to nitridize the silicon layer. 
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53. ^-^^^method of forming a gate electrodeTcompfrsing the steps of; 

exposing a gate oxide layer disposed on a silicon substrate to a silicon-containing species at a 
partial pressure of a^ut I0'~ to about 10"'^ to nucleate the dielectric layer with a layer of silicon; 

nitridizing the silicorMa>^er in a nitrogen-containing species to form a silicon nitride barrier 
layer; and 

forming a conductive polysilicon laye-r^^comp a conductivity enhancing dopant over the 
nitride barrier layer; wherein the nitride barrier layer^jiliibits passage of the dopant from the 
conductive polysilicon layer therethrough. 



54. The method of Claim 53. wherein the poivsilicon laver comprises a boron dopant. 

55. The method of Claim 53, f urther con^prising: 
forming an insulative nitride cap over the conductive polysilicon layer; and 
patterning the layers to form a gato^tack. 



56. The method of Claim 53, further/comprising: 

forming a barrier layer over the^doped polysilicon layer; 

forming a conductive metal layer over the barrier layer; 

/ 

forming an insulative nitriderap over the conductive metal layer; and 



patterning the layers to form a gate stack. 



57. The method of Claim 53,jfurther comprising: 



forming a metal silicide layer over the doped polysilicon layer; 
forming an insulative nitride cap over the metal silicide layer; and 
patterning the layers t© form a gate stack. 
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58. A nVlride barrier layer, comprising: 

a nilndized silicon layer of less than about 30 angstroms disposed on an oxide layer, and 
formed by irradiation of the oxide layer with a silicon-containing species under low partial pressure 
in the presence of a nitrogen-containing species. 

59. A nitride baVier layer, comprising: a nitridized silicon layer having a thickness of less than 
about 30 angstroms, and disposed adjacent an oxide layer. 

60. A nitride barrier layer, comprising: an annealed nitridized silicon layer having a thickness of 
less than about 30 angstroi'^ and disposed adjacent an oxide layer. 

61 . The barrier layer of Claim 60, wherein the barrier layer is thermally annealed. 

62. 1 he barrier layer of Claim 60, \^jmrein the barrier layer is plasma annealed. 



63. A semiconductor device comprising: 

a semiconductor substrate coiriprising silicon; 

an oxide layer disposed adjaceii^vto the semiconductor substrate; and 

a diffusion barrier layer disposed adjacent the oxide layer; the diffusion barrier layer having a 
thickness of less than about 30 angstroms, OTd comprising a nitridized silicon layer formed by 
irradiation of an oxide layer with a silicon-cor^taining species under low partial pressure in the 
presence of a nitrogen-containing species, 



64. A semiconductor device comprising: 

a semiconductor substrate comprising silicon;N 
an oxide layer disposed adjacent to the semiconductor substrate; and 
a diffusion barrier layer disposed adjacent the oxide layer, and comprising nitridized silicon 

having a thickness of about 10 to about 20 angstroms. 
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A semiconductor device comprising: 
a semiconductor substrate comprising silicon; 

.an oxide layer disposed adjacent to the semiconductor substrate: and 

asdiffusion barrier layer disposed adjacent the oxide layer, and comprising nitrogen annealed 
silicon and\having a thickness of about 10 to about 20 angstron^s. 



66. The device ol Claim 65. wherein the diffusion barrier layer comprises plasma annealed 
silicon. 

67. The device of G^laim 65, wherein the diffusion barrier layer comprises thermally annealed 
silicon. 



68. A gate electrode, comprising: 

a gate oxide layer dispt^ed ajf^eni to a semiconductor substrate; and 
a diffusion barrier layer c^sposed adjacent the gate oxide layer; the diffusion barrier layer 
having a thickness of about 10 to about 20 angstroms and comprising a nitridized silicon layer 
deposited by irradiating an oxide la^ with a silicon-containing species under low partial pressure, 
and nitridizing the silicon layer by exposure to a nitrogen-containing species. 



69. A gate electrode, comprising: 
a gate oxide layer disposed adjacent to a semiconductor substrate; and 
a diffusion barrier layer disposed adjacent the oxide layer, and comprising a nitridized silicon 

layer having a thickness of about 1 0 to about 2oVngstroms. 

70. A gate electrode, comprising: 
a gate oxide layer disposed adjacent to a semiconductor substrate; and 
a diffusion barrier layer disposed adjacent the oxi^ layer, and comprising nitrogen annealed 

silicon and having a thickness of about 10 to about 20 angsl^ms. 
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71 . The electrode^C^laim 70, wherej^i the diffusion barrier layer comprises plasma annealed 
silicon. 



72. The electrode of Claim 70, vvhereihsllie diffusion barrier layer comprises thermally annealed 
silicon. 
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